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(57) ABSTRACT 

A hermetically sealed housing for poWer electronics 
includes a sheet metal tank, and an aluminum cover. The 
tank has a surrounding edge Which is provided With a 
plurality of bending lugs, and the edge of the cover has a 
shoulder at Which the bending lug rests, so that the cover is 
pressed against the edge of the tank and a hermetic sealing 
is obtained. 

57 Claims, 8 Drawing Sheets 
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HERMETICALLY SEALED HOUSING 

The invention relates to a hermetically sealed housing for 
evaporation cooling of a poWer electronics. 

BACKGROUND OF THE INVENTION 

Under the term “poWer electronics” an assembly unit of at 
least one electronic component is to be understood in this 
context, in Which high electrical poWer is converted With the 
result that a large amount of dissipated energy or heat loss 
turns up. This heat loss has to be taken aWay reliably so that 
there Will not occur an overheating of the poWer electronics. 
According to a preferred application of the housing accord 
ing to the invention, the poWer electronics concerns the DC 
inverter of a so-called starter generator for a combustion 
engine of a motor vehicle, Which combines the components 
starter and generator hitherto con?gured as separate parts. 
When the evaporation cooling is used for cooling, the 

components of the poWer electronics are directly surrounded 
by a cooling liquid Which is received in the housing Where 
also the poWer electronics is arranged. The components to be 
cooled are preferably designed so as to have no housing, so 
that the cooling liquid has direct contact With those regions 
of the component Where the heat loss turns up. In the case 
of semiconductor chips, it is the surface area of the silicon 
chip that is in direct contact With the cooling liquid. 

The cooling liquid is selected such that it evaporates or 
boils during operation of the poWer electronics at those 
regions of the components Where the heat loss turns up. The 
vapor bubbles produced rise and are condensed on cooler 
sections of the housing, so that they are again available for 
a reneWed evaporation process. Such cooling method is 
particularly effective, because at the phase transition point of 
the cooling liquid from liquid to gaseous a very much larger 
amount of energy is absorbed as Would be the case With 
solely a liquid cooling. 

The problem With the evaporation cooling is that With 
each starting of the poWer electronics the temperature of the 
cooling liquid rises and, as a consequence thereof, the inner 
pressure in the housing. This cyclic pressure load constitutes 
a considerable mechanical stress acting on the housing. 
When such a housing is provided for being used in motor 
vehicles, it must be guaranteed that the housing is still 
hermetically sealed even after an operating period of 15 
years, because otherWise a cooling of the poWer electronics 
Would not be guaranteed. The housing must also be 
diffusion-tight, because otherWise the cooling liquid could 
escape from the housing despite an intact mechanical seal 
ing. 

The object of the invention is to provide a housing for a 
evaporation cooling of a poWer electronics, Which is her 
metically sealed for a long period and nevertheless can be 
produced at favorable costs With simultaneously having a 
loW Weight. 

BRIEF DESCRIPTION OF THE INVENTION 

To this end, there is provided a hermetically sealed 
housing for poWer electronics. The housing comprises a tank 
consisting of sheet metal, and a cover consisting of an 
aluminum material. The tank has a surrounding edge Which 
is provided With a plurality of bending lugs, and the cover 
has a shoulder. The bending lugs engage at the shoulder 
Whereby the cover is pressed against the edge of the tank so 
as to hermetically seal the housing. Using tWo different 
materials for the cover and the tank offers a series of 
advantages. Using tWo different materials for the cover and 
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the tank offers a series of advantages. The tank can be 
manufactured from steel With loW costs and With high 
strength and high diffusion tightness With respect to the 
cooling liquid, for instance as a deep-draWn sheet metal part. 
The latter can be provided at loW expenditure With beads in 
the side Walls and at the bottom, so that a high strength With 
respect to loads is obtained Which result from a high internal 
overpressure in the housing. By using aluminum or an 
aluminum alloy for the cover, the latter is able to be 
produced With a high thermal conductivity at reasonable 
costs. The tWo parts can be connected With each other at loW 
expenditure, namely by bending or crimping the bending 
lugs; the bending lugs automatically have the deformability 
Which is required for bending, since they are part of the tank 
made of steel. A series of advantages result from the use of 
bending lugs for ?xing the cover to the tank. On the one 
hand, this type of ?xing is fail-safe. When the bending lugs 
are bent upWards and ?x the cover to the tank, then it is 
ensured automatically that the tWo parts are pressed against 
each other With the necessary force, so that a good sealing 
effect is obtained. Unlike With a Welding method, for 
instance, a costly subsequent check is not required. Afurther 
advantage of this type of ?xing is that the poWer electronics 
disposed in the interior of the housing—as Well as the 
cooling liquid—are not subjected to any stresses upon 
assembling tank and cover, and no contamination is intro 
duced into the housing. This is not the case With a Welding 
method, in Which both a high thermal stress and a soiling of 
the interior of the housing occurs due to burning products. 
Finally, the type of ?xing used is very advantageous With 
regard to the production costs and the production time 
required. 

For a seal betWeen the tank and the cover there may be 
advantageously used an adhesive sealing compound Which 
is applied onto the edge of the cover or the tank and is 
mainly forced out of the contact gap upon assembling cover 
and tank. The remaining, thin layer of adhesive effects, apart 
from the desired sealing, a mechanical connection betWeen 
tank and cover, because it is very resistant to shearing. As an 
alternative to the adhesive sealing compound, an O-ring seal 
or another pro?led seal could also be used for sealing, Which 
seal is arranged in a groove on the edge of the cover. 
On its inner side facing the interior of the housing, the 

cover is preferably provided With a plurality of condensation 
ribs, so that an as large an area as possible is obtained for the 
heat transfer from the cooling liquid and the vapor bubbles 
generated in it, respectively, to the cover of the housing. 

Preferably, the cover is provided on its outer side With a 
cooling channel running in the shape of a serpentine, so that 
a ducted cooling of the outer side of the cover is possible. 
Advantageous designs of the invention Will be apparent 

from the subclaims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in the folloWing by means of 
a preferred embodiment illustrated in the appending 
draWings, in Which. 

FIG. 1 shoWs in a perspective vieW a housing according 
to the invention; 

FIG. 2 shoWs in a perspective vieW a tank for the housing 
of FIG. 1; 

FIG. 3 shoWs a side vieW of the housing of FIG. 2; 
FIG. 4 shoWs on an enlarged scale the cut-out IV of FIG. 

3; 
FIG. 5 shoWs a further side vieW of the housing of FIG. 

2; 
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FIG. 6 shows a schematic side vieW of an insulating plate 
inserted in the housing according to the invention; 

FIG. 7 shoWs in a perspective vieW the cover of the 
housing according to the invention together With a covering; 

FIG. 8 shoWs a plan vieW onto the cover of FIG. 7; 
FIG. 9 shoWs a bottom vieW of the cover of FIG. 7; 

FIG. 10 shoWs the cover of FIG. 8 in a sectional vieW 
along the plane X—X of FIG. 8; 

FIG. 11 shoWs the cover of FIG. 8 in a sectional vieW 
along the plane XI—XI of FIG. 8; 

FIG. 12 shoWs on an enlarged scale the cut-out XII of 
FIG. 11; and 

FIG. 13 shoWs in a perspective vieW the housing accord 
ing to the invention during assembly. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In FIG. 1 there is shoWn a housing 5 Which comprises a 
tank 10, a cover 12 as Well as a covering 14 placed on the 
cover. 

The tank 10 (see also FIGS. 2 to 6) is a deep-draWn sheet 
metal part With a Wall thickness of about 2.5 mm and has a 
rectangular cross-section With four side Walls 16, 17, 18, 19 
and a bottom 20. The side Walls 16, 17, 18 are provided With 
three beads 22 each, Which starting from the bottom 20 
extend upWards. The bottom 20 is provided With a cross 
bead 24. The planar side Wall 19 Which is not provided With 
a bead has a plurality of recesses 26, the function of Which 
Will be explained beloW. 

The tank 10 is provided With a surrounding edge 28 on its 
side facing aWay from the bottom 20, Which edge is con 
?gured as a collar projecting outWards beyond the side 
Walls. In the region of each side face, the edge 28 is provided 
With a bending lug 30, Which are shoWn in FIG. 4 in their 
original state and in FIGS. 2, 3 and 5 in their bent shape, into 
Which they are brought for ?xing the cover to the tank. This 
Will be explained beloW. 

In FIG. 6 there is shoWn an insulating plate 32 Which is 
rectangular and the dimensions of Which correspond 
approximately to those of the side Wall 19. The insulating 
plate 32 consists of an insulating plastics material, for 
example a semi-crystalline plastics, and bears a poWer 
electronics Which is shoWn here only schematically by some 
components 34 The insulating plate 32 is provided With a 
plurality of current lead-throughs 36, the arrangement of 
Which on the insulating plate 32 and the dimensions of 
Which correspond to the arrangement and the dimensions of 
the recesses 26 in the side Wall 19 of the tank. 

The insulating plate 32 is provided With a seal 38 Which 
is con?gured as an O-ring seal here; this O-ring seal is 
arranged in a groove 40 of the insulating plate 32. In the 
edge region of the insulating plate 32, the groove 40 runs 
around the Whole insulating plate. 
On the side of the current lead-throughs 36, the insulating 

plate 32 is provided With a reinforcement plate 42 Which 
consists of metal and has a plurality of reinforcement beads 
44. The reinforcement plate 42 is received in a depression 46 
of the insulating plate 42 and is connected With the insulat 
ing plate by rivets 48 Which are shoWn schematically here. 
The outline of the depression 46 corresponds to the surface 
area of the reinforcement plate 42 including the reinforce 
ment bead 44 provided in it, so that the reinforcement plate 
42 is received in the depression 46 With a snug ?t. 

The insulating plate 32 is arranged in the tank 10 on the 
side Wall 19 such that the current lead-throughs 36 extend 
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4 
through the recesses 26 in the side Wall; the poWer elec 
tronics is then situated on the inner side of the tank. With its 
seal 38, the insulating plate 32 rests at the side Wall 19, so 
that the inner side of the tank is hermetically sealed With 
respect to the recesses 26. The insulating plate 32 may be 
connected With the side Wall 19 by rivets not shoWn in the 
Figures or by similar fastening means. 

In FIGS. 8 to 12 there is shoWn the cover 12 Which is 
provided to be placed on the tank 10. The cover 12 is a cast 
part made from an aluminum alloy. Basically, it is also 
possible to bring a suitably cast blank into its ?nal shape by 
extruding or a similar machining operation. 
The cover 12 has the same rectangular cross-section as the 

tank 10 and has a cup-shaped form With a bottom Wall 50 
and a surrounding skirt 52. The skirt 52 has a surrounding 
edge 54 Which is provided With a shoulder 56. On its face 
lying opposite the shoulder 56, the edge 52 is provided With 
a surrounding depot groove 58 (see FIG. 12), the function of 
Which Will be explained beloW. 

Starting from the bottom Wall 50, there extends a plurality 
of condensation ribs 60 betWeen the tWo longer sides of the 
skirt 52, Which ribs are formed integrally With the cover. 
The cover 12 is provided With a cooling channel 62 on the 

side of the bottom Wall 50 facing aWay from the edge 54, this 
channel extending in the shape of a serpentine. With regard 
to the cover 12 being easy to shape, the cooling channel 62 
is con?gured closed, i.e. is not provided With any external 
connections. 

Placed on the cover 12 is the covering 14 (see FIGS. 7 and 
13) Which is made of plastics. The covering 14 is likeWise 
provided With a cooling channel having a pattern Which 
corresponds to the pattern of the cooling channel 62 in the 
cover 12. The covering 14 is further provided With tWo 
connection ports 64 to Which cooling conduits can be 
connected for piping a suitable cooling medium through the 
cooling channel 62 in the cover 12. 

Assembling the housing takes places in the folloWing 
Way. First, the poWer electronics 34 is mounted to the 
insulating plate 32 provided With the reinforcement plate 42. 
Then the insulating plate is inserted in the tank 10 and ?xed 
to the side Wall 19, so that the seal 38 of the insulating plate 
32 seals against the side Wall 19. Subsequently, the tank 10 
is ?lled With the cooling liquid Which can be almost any 
liquid evaporating or boiling at loW temperatures. Fluoro 
hydrocarbon is particularly suitable. 
An adhesive sealing compound is then applied onto the 

edge 54 of the cover; in so doing, the depot groove 58 being 
?lled, too. Any adhesive for metals, by means of Which steel 
and aluminum can be bonded and Which is resistant to the 
cooling liquid used, is suitable as adhesive sealing com 
pound. 

Subsequently, the cover is placed With its edge 54 on the 
edge 28 of the tank 10 and is pressed against the tank With 
large force. In so doing, the adhesive sealing compound is 
almost completely forced out of the gap betWeen the edge 54 
of the cover and the edge 28 of the tank, so that only a thin 
layer of adhesive remains. In addition, the depot groove 58 
is ?lled With the adhesive. The bending lugs 30 are then laid 
doWn from their state shoWn in FIG. 4 into the state Which 
is shoWn for instance in FIGS. 3 and 5 as Well as FIG. 13, 
so that they rest at the shoulder 56 of the cover 12 and hold 
the latter ?rmly on the tank 10. In this Way, there results a 
hermetic sealing betWeen the edges of tank and cover, Which 
after curing of the adhesive additionally provides for a 
mechanical connection resistant to shearing load. 

Finally, the covering 14 is applied onto the cover 12 and 
secured by means of fasteners. 
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Due to its advantageous construction a housing is 
obtained Which can be produced at favorable costs and is 
hermetically sealed throughout a long service life and a great 
number of pressure cycles. Moreover, a high rigidity is 
achieved With a relatively loW expenditure. Due to the beads 
22, 24, the side Walls 16, 17, 18 as Well as the bottom 20 
have a high rigidity With respect to stresses resulting from an 
excess pressure in the interior of the housing. The side Wall 
19, too, has a high rigidity, because the insulating plate 32 
has a high rigidity due to the reinforcement plate 42 attached 
to it, and because the insulating plate 32 rests at the side Wall 
19 only in the outer region thereof, ie in the region of the 
bottom, of the side Walls 16, 18 as Well as of the edge 28. 
The pressure load introduced by the insulating plate 32 
results, hence, only in a slight deformation of the side Wall 
19. The surrounding edge 28 contributes to the high rigidity 
of the tank by its high resistance to bending. Due to its 
design, the cover 10 also has a very high resistance to 
bending With respect to bending loads resulting from a high 
inner pressure of the housing. The condensation ribs 60 
prevent the cover from bulging, due to they having a high 
resistance to bending. The skirt 52 together With the sur 
rounding shoulder 56 contributes to a high inherent stability. 
What is claimed is: 
1. A hermetically sealed housing for poWer electronics, 

comprising, a tank and a cover formed of different materials, 
Wherein said tank is formed of sheet metal, and said cover 
is formed of an aluminum material, said tank having a 
surrounding edge Which is provided With a plurality of 
bending lugs, and said cover having a shoulder, said bending 
lugs engaging at said shoulder Whereby said cover is pressed 
against said edge of said tank so as to hermetically seal said 
housing. 

2. The housing of claim 1, Wherein said tank comprises a 
deep-draWn sheet metal part. 

3. The housing of claim 1, Wherein said tank has a bottom 
Which is provided With a cross bead. 

4. The housing of claim 1, Wherein said tank has four side 
Walls, three of said side Walls being provided With at least 
one bead. 

5. The housing of claim 1, Wherein said tank has four side 
Walls, one of Which side Walls is provided With a plurality of 
recesses for current lead-throughs to said poWer electronics. 

6. The housing of claim 1, Wherein an insulating plate is 
arranged in the interior of said tank on a fourth Wall, said 
poWer electronics being disposed on said insulating plate. 

7. The housing of claim 6, Wherein said insulating plate 
comprises a semi-crystalline plastics material. 

8. The housing of claim 6, Wherein said insulating plate is 
provided With a seal extending along an edge of said 
insulating plate. 

9. The housing of claim 8, Wherein said seal is an O-ring 
seal Which is received in a groove. 

10. The housing of claim 6, Wherein said reinforcement 
plate is riveted to said fourth Wall of said tank. 

11. The housing of claim 6, Wherein said insulating plate, 
on a side facing said fourth Wall of said tank, is provided 
With a reinforcement plate consisting of metal. 

12. The housing of claim 11, Wherein said reinforcement 
plate is provided With a reinforcement bead Which lies in a 
depression formed at said insulating plate. 

13. The housing of claim 11, Wherein said reinforcement 
plate is provided With openings Which correspond to 
recesses in a fourth Wall of said tank. 

14. The housing of claim 11, Wherein said reinforcement 
plate is riveted to said insulating plate. 

15. The housing of claim 1, Wherein said cover is formed 
of a cast aluminum alloy. 
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6 
16. The housing of claim 1, Wherein said cover is formed 

of a Wrought aluminum alloy. 
17. The housing of claim 1, Wherein said cover is pro 

vided With a planar edge Which lies on said edge of the tank. 
18. The housing of claim 17, Wherein an adhesive sealing 

compound is disposed betWeen said edge of said tank and 
said edge of said cover. 

19. The housing of claim 18, Wherein said edge of said 
cover is provided With a depot groove for said adhesive 
sealing compound. 

20. The housing of claim 17, Wherein said edge of said 
cover is provided With a groove in Which an O-ring seal is 
arranged. 

21. The housing of claim 1, Wherein said cover is pro 
vided on an inner side With a plurality of condensation ribs. 

22. The housing of claim 1, Wherein said cover is pro 
vided on an outer side With a cooling channel Which extends 
in a shape of a serpentine. 

23. The housing of claim 22, Wherein said cover is 
provided With a covering on said outer side, said covering 
closing said cooling channel and being provided With tWo 
connection ports for cooling conduits. 

24. The housing of claim 1, Wherein said tank is formed 
of steel. 

25. The housing of claim 23, Wherein said tank comprises 
a deep-draWn sheet metal part. 

26. The housing of claim 23, Wherein said tank has a 
bottom Which is provided With a cross bead. 

27. The housing of claim 23, Wherein said cover is formed 
of cast aluminum alloy. 

28. The housing of claim 23, Wherein said cover is formed 
of Wrought aluminum alloy. 

29. The housing of claim 23, Wherein said cover is 
provided With a planar edge Which lies on said edge of the 
tank. 

30. The housing of claim 29, Wherein an adhesive sealing 
compound is disposed betWeen said edge of said tank and 
said edge of said cover. 

31. The housing of claim 30, Wherein said edge of said 
cover is provided With a depot groove for said adhesive 
sealing compound. 

32. The housing of claim 23, Wherein said tank has four 
side Walls, three of said side Walls being provided With at 
least one bead. 

33. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having a 
surrounding edge Which is provided With a plurality of 
bending lugs, and said cover having a shoulder, said bending 
lugs engaging at said shoulder Whereby said cover is pressed 
against said edge of said tank so as to hermetically seal said 
housing, said tank having four side Walls, one of Which side 
Walls is provided With a plurality of recesses for current 
lead-throughs to said poWer electronics, and Wherein an 
insulating plate is arranged in the interior of said tank on said 
one side Wall, said poWer electronics being disposed on said 
insulating plate. 

34. The housing of claim 33, Wherein said insulating plate 
comprises a semi-crystalline plastics material. 

35. The housing of claim 33, Wherein said insulating plate 
is provided With a seal extending along an edge of said 
insulating plate. 

36. The housing of claim 35, Wherein said seal is an 
O-ring seal Which is received in a groove. 

37. The housing of claim 33, Wherein said insulating 
plate, on a side facing a fourth Wall of said tank, is provided 
With a reinforcement plate consisting of metal. 



US 6,586,674 B2 
7 

38. The housing of claim 37, wherein said reinforcement 
plate is provided With a reinforcement bead Which lies in a 
depression formed at said insulating plate. 

39. The housing of claim 37, Wherein said reinforcement 
plate is provided With openings Which correspond to 
recesses in said fourth Wall of said tank. 

40. The housing of claim 37, Wherein a reinforcement 
plate is riveted to said insulating plate. 

41. The housing of claim 40, Wherein an edge of said 
cover is provided With a groove in Which an O-ring seal is 
arranged. 

42. The housing of claim 33, Wherein a reinforcement 
plate riveted to a fourth Wall of said tank. 

43. The housing of claim 33, Wherein said cover is 
provided on an inner side With a plurality of condensation 
ribs. 

44. The housing of claim 33, Wherein said cover is 
provided on an outer side With a cooling channel Which 
eXtends in a shape of a serpentine. 

45. The housing of claim 33, Wherein said cover is 
provided With a covering on said outer side, said covering 
closing said cooling channel and being provided With tWo 
connection ports for cooling conduits. 

46. The housing of claim 33, Wherein said tank is formed 
of steel. 

47. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having a 
bottom Which is provided With a cross bead, said tank further 
having a surrounding edge Which is provided With a plurality 
of bending lugs, and said cover having a shoulder, said 
bending lugs engaging at said shoulder Whereby said cover 
is pressed against said edge of said tank so as to hermetically 
seal said housing. 

48. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having four 
side Walls, three of said side Walls being provided With at 
least one bead, said tank further having a surrounding edge 
Which is provided With a plurality of bending lugs, and said 
cover having a shoulder, said bending lugs engaging at said 
shoulder Whereby said cover is pressed against said edge of 
said tank so as to hermetically seal said housing. 

49. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having a 
surrounding edge Which is provided With a plurality of 
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bending lugs, and said cover having a shoulder, said bending 
lugs engaging at said shoulder Whereby said cover is pressed 
against said edge of said tank so as to hermetically seal said 
housing, said tank having four side Walls, one of Which side 
Walls has an insulating plate arranged thereon in the interior 
of said tank, said poWer electronics being disposed on said 
insulating plate, and Wherein said insulating plate is pro 
vided With a seal extending along an edge of said insulating 
plate. 

50. The housing of claim 49, Wherein said seal is an 
O-ring seal Which is received in a groove. 

51. The housing of claim 49, Wherein said insulating 
plate, on a side facing a fourth Wall of said tank, is provided 
With a reinforcement plate consisting of metal. 

52. The housing of claim 51 Wherein reinforcement is 
With a reinforcement bead Which lies in a depression formed 
at said insulating plate. 

53. The housing of claim 51, Wherein said reinforcement 
plate is provided With openings Which correspond to 
recesses in said fourth Wall of said tank. 

54. The housing of claim 51, Wherein said reinforcement 
plate is riveted to said insulating plate. 

55. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having a 
surrounding edge Which is provided With a plurality of 
bending lugs, and said cover having a shoulder, said bending 
lugs engaging at said shoulder Whereby said cover is pressed 
against said edge of said tank so as to hermetically seal said 
housing, and said cover is provided on an inner side With a 
plurality of condensation ribs. 

56. A hermetically sealed housing for poWer electronics, 
comprising a tank consisting of sheet metal, and a cover 
consisting of an aluminum material, said tank having a 
surrounding edge Which is provided With a plurality of 
bending lugs, and said cover having a shoulder, said bending 
lugs engaging at said shoulder Whereby said cover is pressed 
against said edge of said tank so as to hermetically seal said 
housing, and said cover is provided on an outer side With a 
cooling channel Which eXtends in a shape of a serpentine. 

57. The housing of claim 56, Wherein said cover is 
provided With a covering on said outer side, said covering 
closing said cooling channel and being provided With tWo 
connection ports for cooling conduits. 


